INTRODUCTION
Trauma with bleeding from named vessels has been treated since antiquity. Many of the techniques used in the modern era to control bleeding such as manual compression, cauterization, and proximal and distal ligatures were described before 1000 AD. Even the earliest version of a hemostat, Ambrose Pare's "Bec de Corbin", was described in the 1500s.
With the exception of case reports of vascular repair in 1759, 1762, and 1882, all progress in the clinical repair of injured vessels has been made in the past 117 years.
Extraordinary advances in the techniques of operative repair were made in World War I, the Korean War, and the Vietnam War by military surgeons. The significant increase in civilian urban trauma from penetrating wounds since the 1960s in the United States has been a major factor in the advances in vascular repair developed by civilian trauma surgeons. These advances have included the following: (1) return of tourniquets to control bleeding from an extremity; (2) improved techniques of resuscitation with blood; (3) recognition of the value of a physical examination and an arterial pressure index to detect a peripheral vascular injury; (4) the availability of duplex ultrasonography and CT-arteriography (CTA); (5) improved techniques for retrieval of the greater saphenous vein; (6) availability of polytetrafluoroethylene grafts; (7) innovative approaches such as balloon catheter tamponade, use of a temporary intraluminal shunt, and an extraanatomic bypass; and (8) earlier recognition of compartment syndromes in injured extremities.
Even with all these operative advances and the availability of endovascular techniques, patients still present with complex vascular lesions that challenge the modern trauma vascular team.
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to design an instrument known as the "Crowes beake" ("Bec de Corbin"). 10 This curved grasping instrument, looking much like a modern hemostat, was used to grasp actively bleeding vessels that had retracted from view.
Sir Thomas Spencer Wells (1818-1897) served in the British military during the Crimean War, where he gained experience in laparotomies. He subsequently became a famous private surgeon in London with a large practice in ovariotomies, for which he developed the modern hemostat (Spencer-Wells clamp) 11 Wells wrote a two-volume text entitled Diseases of the Ovaries and became President of the Royal College of Surgeons in 1881.
MANAGEMENT OF VASCULAR TRAUMA -ABBREVIATED CHRONOLOGICAL REVIEWS SINCE THE EARLY 20 TH CENTURY
The history of early attempts at vascular surgery and repairs after vascular trauma has been well-described by Norman M. Rich, MD in numerous publications and chapters. [12] [13] [14] [15] Modeled on the chronological lists of contributors/contributions in several of Rich's publications, 12, 14 two comprehensive Tables on the history of the management of vascular trauma since the early 20 th Century are included as part of this review (Table 1 . Military ; Table 2 .
Civilian .
MANAGEMENT OF VASCULAR TRAUMA -A CASE-BASED REVIEW
Missed Diagnosis of Arterial Injury
A 22-year old man was stabbed in the proximal right leg. Emergency medical services personnel reported that there was obvious blood on the rug of the living room where the injury occurred. On examination in the emergency center of a Level I trauma center, a 1.5-cm stab wound was noted on the medial right calf approximately 10-cm distal to the knee joint. There
was no bleeding from the wound, no palpable hematoma, and the dorsalis pedis pulse was readily palpable on the right foot. The right posterior tibial artery was present by palpation, but diminished as compared to the dorsalis pedis pulse. It was decided that the absence of active hemorrhage or an expanding hematoma and the presence of palpable right pedal pulses ruled out the possibility of an arterial injury. No ankle-brachial-index nor arterial pressure index was measured, and no vascular imaging was performed. [70] [71] The patient was not given any specific instructions other than to return if he had any "problems".
Three weeks later, the patient returned to the emergency center with a complaint of swelling of the right leg. The surgical team noted that the proximal right leg was "pulsatile", that the dorsalis pedis pulse was readily palpable, and that the posterior tibial pulse was audible with a Doppler device. An urgent arteriogram (this patient was treated prior to the availability of CT arteriography) documented the presence of an 8-cm diameter traumatic false aneurysm of the right tibioperoneal trunk approximately 4-cm distal to the origin of the right anterior tibial artery.
At operation through a right medial distal popliteal incision, a large pulsatile firm traumatic false aneurysm arising from the right tibioperoneal trunk was present. The tibioperoneal trunk was controlled above the traumatic false aneurysm, which was then opened and evacuated. The orifices of the posterior tibial and peroneal arteries could not be identified in the aneurysm sac, but some small areas of back-bleeding were oversewn. After ligation of the proximal tibioperoneal trunk, the right foot continued to have a palpable dorsalis pedis pulse and continued to be pink and warm.
Comment -The list of physician errors in the management of this patient is impressive. External bleeding is strongly suggestive of a vascular injury, as was the diminished posterior tibial pulse. 1 Based on these, an ankle-brachial index or arterial pressure index (Doppler-derived) at the right M A N U S C R I P T
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posterior tibial artery would have surely been <0.9. 70, 71 This would prompt a CTA in the modern era.
As most missed arterial injuries in the extremities are symptomatic within 10 days, the patient should have been given clear instructions ("the leg should improve, not worsen") and follow-up clinic appointments at one week, two weeks, and two months. Comment -This patient had a combination of the previously described "hard" (diminished distal flow) and "soft" (proximity of wound to a named artery) signs of an arterial injury in an extremity. 1, 2 There was a strong temptation to perform an emergent operation due to these signs and to the dramatic presentation (large skin defect from close-range shotgun wound, wide dispersal of pellets). There are, however, several clinical scenarios in patients with "hard" signs of an arterial injury in the neck or an extremity (other than external bleeding) in which a preoperative CTA or duplex ultrasonography may be very helpful to the trauma vascular surgeon. These are listed as follows: (1) wound in the thoracic inlet; (2) shotgun wound to an extremity; and (3) segmental fractures or fractures at two levels in an extremity. 90 In each of these complex scenarios, the imaging study will be useful in documenting the presence and location of an arterial injury and in planning the location and length of incision at operation.
Missed Arterial Injury at Operation
A 21-year old man presented to the emergency center with a gunshot wound to the left lateral pectoralis major muscle. He was hemodynamically stable, the exit wound was in the left upper back, and the left radial pulse was normal. There was some swelling of the left axilla, but Because the deltopectoral approach can be somewhat tedious and difficult in a patient with bleeding from the first or second portion of the axillary artery, transverse division of the fibers of the overlying pectoralis major muscle is another approach. Again, transection of the
tendon of the pectoralis minor muscle will be necessary to expose the second portion and, if desired, the first portion of the axillary artery.
For the inexperienced trauma surgeon confronted with exsanguinating hemorrhage from either the first or second portions of the axillary artery, there is still another rarely utilized approach. This is division of the tendon of the pectoralis major muscle from the crest of the intertubercular groove of the humerus. The tendon is divided at least 1.5-2 cm from the humerus to allow for reattachment of the tendon at the completion of the vascular repair.
The second error made in intraoperative management of this patient was the failure to Comment -The internal carotid artery inferior to the base of the skull cannot be exposed quickly because of the overlying mandible. Should external bleeding occur from a penetrating wound in high Zone II or Zone III of the neck, local compression would be the first step in management. 93 Rapid transfer to the operating room for a vertical ramus osteotomy of the mandible or subluxation of the temporomandibular joint and interdental wiring or interarch fixation in edentulous patients is then performed to expose the internal carotid artery. [94] [95] [96] In the patient described, the volume of arterial bleeding was impressive and packing of the external auditory canal was unlikely to control this. The failure of the Foley balloon catheter to completely control hemorrhage prompted the insertion of a trans-arterial Fogarty balloon catheter, as well -the only time in the author's career in which two separate balloons were needed to control hemorrhage from one artery.
Once bleeding is controlled by the balloon catheter, a decision must be reached on whether to expose the injured internal carotid artery and repair it, call an endovascular surgeon for insertion of a stent-graft, or to allow for thrombosis to occur around the balloon in the artery.
An immediate transfer to radiology for a contrast-enhanced CT of the brain is useful to document whether ischemia of the hemibrain is occurring. Also, a CTA will demonstrate the amount of to the anterior-peroneal compartment fasciotomy site and medial popliteal wound. She was discharged 38 days after injury. When seen three years later, she had a normal gait, but used a cane for "support." Her major complaint was "aching" in the right knee and leg when the "weather changed."
Comments -Much has been written about temporary intraluminal vascular shunts in recent years. 42, [99] [100] [101] There are at least seven indications for a shunt as outlined in Table 3 . 100 In the modern era shunts are inserted in up to 9% of patients with vascular injuries in civilian reviews. 99 Of interest, the most common indications continue to be a Gustilo IIIC open fracture in an extremity and need for a "damage control" operation.
In the patient described, both classical indications were present. The shunt preserved viability of the right leg and foot during orthopedic reconstruction and as hypotension, hypothermia, and a metabolic acidosis were corrected.
Use of Ringed PTFE Graft in Peripheral Vein
A 21-year old man was shot in the distal left thigh and presented with a large medial hematoma and a pulseless left foot. In the operating room, the distal left superficial femoral M A N U S C R I P T 
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Value of Extra-anatomic Bypass to Treat Postoperative Blowout of Arterial Repair
A 23-year old had a 6-mm PTFE graft inserted into the right brachial artery following a gunshot wound to the distal arm. 112 The operative note described an "inadequate" greater saphenous vein in the right groin. Unfortunately, there was extensive loss of soft tissue over the PFTE graft. The surgical team chose to cover the exposed graft with Vaseline Petrolatum Gauze Dressing (Emergency Safety Supply LLC, Harrisburg, OR) under antibiotic-soaked gauze. On the fourth postoperative day, arterial bleeding was noted to be coming from a partial dehiscence of the proximal PTFE-brachial artery suture line. The patient was returned to the operating room, and the PFTE graft was removed. After exposing healthy proximal and distal brachial artery, a medially placed extraanatomic interposition graft with autogenous saphenous vein was inserted.
Both suture lines were covered by healthy tissue after the small incisions proximal and distal to the defect in soft tissue were closed. The defect in soft tissue was treated with wet-to-dry dressings until a split-thickness skin graft was applied on the 11 th post-trauma day. At the time of long-term follow-up at 22 months, the patient had normal right radial and ulnar pulses and full range of motion of the right elbow (Figure 4 ).
Comment -The indications for performing an extraanatomic vascular bypass in an injured
extremity are listed in Table 4 . 
Volar-Ulnar Fasciotomy of the Forearm
A 44-year old bodybuilder had an injection of "steroids" into his right antecubital area by a colleague. Over the next three days, he noted progressive edema, erythema, and firmness of the right antecubital area. An emergency room physician in the patient's local hospital diagnosed "cellulitis" and prescribed "antibiotics". The patient's distal right arm, antecubital area, and proximal forearm worsened over the next two days. The patient returned to the local emergency room and was seen by the same physician. He told the patient he would need an "amputation". In addition, he was advised to go to a Level I trauma and acute care surgery center in the state
capital. After evaluation by an attending surgeon at that center, a diagnosis of a necrotizing soft tissue infection was made. The pressure in the patient's superficial volar muscle compartment of the right forearm was measured and noted to be 25 mm Hg. After 12 hours of elevation of the entire right upper extremity in a sling and continued broad-spectrum antibiotics, the patient was reexamined. The patient's right hand was now swollen, and he complained of "tingling," as well.
In the operating room, a right volar-ulnar forearm fasciotomy was performed. 115 Comment -The misadventures of intravenous drug abusers in which arteries rather than veins are injected can result in infected false aneurysms. These have most commonly occurred in the brachial or common femoral arteries, but have been noted in the carotid artery, as well.
116-118
The treatment of choice for infected false aneurysms of the groin is excision of the entire femoral artery system involved in the infection. 119 Threatened viability of the involved lower extremity is extraordinarily rare, but is treated with an emergency obturator bypass to the superficial femoral artery. 
